Background: Effective learning can occur at the point of care, when opportunities arise to acquire information and apply it to a clinical problem. To assess interest in point-of-care learning, we conducted a survey to explore radiologists' attitudes and preferences regarding the use of just-in-time learning (JITL) in radiology. Materials and Methods: Following Institutional Review Board approval, we invited 104 current radiology residents and 86 radiologists in practice to participate in a 12-item Internet-based survey to assess their attitudes toward just-in-time learning. Voluntary participation in the survey was solicited by e-mail; respondents completed the survey on a web-based form. Results: Seventy-nine physicians completed the questionnaire, including 47 radiology residents and 32 radiologists in practice; the overall response rate was 42%. Respondents generally expressed a strong interest for JITL: 96% indicated a willingness to try such a system, and 38% indicated that they definitely would use a JITL system. They expressed a preference for learning interventions of 5Y10 min in length. Conclusions: Current and recent radiology trainees have expressed a strong interest in just-in-time learning. The information from this survey should be useful in pursuing the design of learning interventions and systems for delivering just-in-time learning to radiologists.
INTRODUCTION
R apid advances in medical science and technology require physicians to continue learning throughout their career. Although physicians frequently have questions that arise during the course of their work, most questions go unanswered. 1 There is evidence that current traditional methods of medical education Y particularly those of continuing medical education (CME) to support lifelong learning Y are ineffectual and in need of change. 2, 3 A traditional CME architecture of receptive learning has little or no impact on the quality of medical care. 4 When learning is remote in time, place, and context from the environment in which the content can be applied, physicians may never use the learned information and may not understand how to apply the knowledge in other clinical settings. 1, 5 To be effective, learning must be incorporated into a schema that supports its application to a range of ''real world'' situations. Lave and Wenger have described ''situated learning'', in which the learning experience is integrated into the setting in which the knowledge can be used. 6 Also, adults are ''directive'' learners, who desire to learn when the learning can be directly applied to a practical need or question. 7 Just-in-time learning (JITL) provides brief educational experiences targeted to a specific need or clinical question. Digital radiology is ideally suited for situated learning environments because one can readily identify the context of a radiologist's work. As part of a project to integrate context-oriented JITL into the workflow of radiologists' practice, we explored the perceived needs and preferences of radiologists for a JITL system in radiology.
MATERIALS AND METHODS
To assess the perceived instructional needs and interests of potential users of JITL in radiology, we conducted a survey of radiology trainees and radiologists in practice. The Human Research Review Committee of the Medical College of Wisconsin (MCW) approved the study protocol. We obtained the names and e-mail addresses of 104 current residents under three diagnostic radiology training programs: MCW Affiliated Hospitals, University of Southern California, and Loma Linda University. We also obtained a list of 157 radiologists in practice who had completed radiology residency or fellowship at MCW Affiliated Hospitals since June 1990; of these, we polled the 86 radiologists for whom e-mail addresses were available. Voluntary participation in the survey was solicited by e-mail messages to all subjects.
A 12-item multiple-choice questionnaire was presented to participants using a commercial web survey site (www.surveymonkey.com). The survey described JITL briefly and included questions about demographics (year of completion of residency, gender), CME activities, level of interest in JITL, and preferences for a JITL system. Respondents were offered a chance to win a $25 gift certificate from a drawing.
The response data were analyzed blindly. The results for overall preference and for learning-module duration were further analyzed by partitioning the data by residency status (current vs. completed), gender, picture archiving and communication system (PACS) use, and year of completion of residency training. The chi-square test was used to determine differences between observed and expected results.
RESULTS
Seventy-nine physicians completed the questionnaire, including 47 radiology residents (response rate, 45%) and 32 radiologists in practice (response rate, 37%). Respondents included 55 men (70%) and 24 women (30%). The average time for respondents to complete the questionnaire was 3.8 T 1.8 min. Seventy-two percent of respondents completed or will complete their residency training after 2002; 13% completed training 10 or more years ago.
PACS usage was frequent, particularly among the current trainees. Sixty-six percent of practicing radiologists and 89% of current residents used a PACS to interpret more than 75% of imaging studies in their practice. All current residents used a PACS to interpret at least 25% of studies. The educational activities in which respondents most frequently participated were (in order of decreasing frequency): journal-based CME, on-line CME, and national meetings of general radiology societies.
Respondents expressed interest in using a JITL system, or trying a JITL system and using it if they liked it (Table 1) . Overall, 76 of 79 respondents (96%; with a 95% confidence interval of 91Y100%) indicated a willingness to try such a system. As shown in Table 2 , radiologists expressed the greatest preference for learning modules or interventions of 5Y10 min in duration. The aspect of learning that respondents identified as most important was the ability to design a personalized curriculum specific to their topics of interest for learning (Table 3) .
In terms of content presentation of the learning experience, the respondents indicated that text, images, and drawings were the most useful to them (Table 4 ). There was stronger preference for ''bullet points'' Y that is, abbreviated text outlines, such as review points Y over full sentences such as found in journal articles (Table 5) . Interactivity in and feedback from the learning experience were of intermediate importance. The ability to work in groups found the least favor among the respondents (Table 4 ). As shown in Table 6 , immediate Table 1 . We are building a system to deliver personal ''just in time '' learning. The system will let you review brief modules for CME credit (''Micro-CME'') on demand through your PACS system or the web. Each module might take 3 to 15 minutes to complete. How would you rate such a system for your personal use? The 95% percent confidence interval (CI) was computed for each response. feedback and explanations of the response were the most important aspects of the multiple-choice questions to be included in learning modules. Current radiology residents were significantly more likely than practicing radiologists to use PACS to interpret a larger number of studies ( p = 0.002), as noted above. Women were more likely than men to express strong interest in using a JITL system ( p = 0.034). Otherwise, there was no significant difference in either the overall interest in JITL or the preferred duration of study modules ( p Q 0.09) when partitioning the data by residency status (current vs. completed), year of completion of residency training, gender, or PACS use.
DISCUSSION
Web-based information technology has created robust and easily accessible opportunities for continuing medical education and continued professional development. Internet-based programs have been shown to impart knowledge as effectively as traditional CME activities. 8, 9 When Internet-based CME programs support independent and individualized self-directed learning, they more closely meet physicians' needs and motivations. 10, 11 The American Medical Association has recently endorsed point-of-care educational interventions, including Internet searching and independent learning, that lead to performance improvement. 12 Medical decision making is aided by immediate, targeted information delivered at the point of care. 13 Interactive and contextually relevant (''situated'') CME can improve knowledge, skills, attitudes, behavior, and health care outcomes. 14 Thus, ''just-in-time'' learning helps promote evidence-based radiology, where scientific knowledge is linked to radiology practice. 15 Traditional CME activities and many on-line CME programs Y such as those offered in RadioGraphics or in New England Journal of Medicine Y have been constructed in 1-hour units. Some newer approaches, such as the case exercises on AuntMinnie.com, offer ''fractional'' CME credits. In our survey, radiologists expressed a preference for learning experiences of 5Y15 min in length. It has been noted that when radiology residents and practicing radiologists have access to the Internet in their clinical work areas, they frequently use Table 3 . Percentage of respondents who described each feature as ''very important'', ''important'', or ''not important''. The score value ranges from 0 (completely ''not important'') to 100 (completely ''important''), and is computed as a weighted average of responses in each category. Radiologists were posed the question: ''Please rate the importance of each feature of a 'just in time' CME system''
Ability to specify the number of modules to be viewed per day 35 48 16 59 CME content closely related to the organ system or body part you're viewing on PACS 37 58 5 66 CME content related to the imaging modality you're viewing on PACS 29 62 9 60 Ability to define your own ''curriculum'' to indicate the areas in which you want CME content 63 37 0 82
www.Google.com and other search tools to find relevant information that can help them address a specific clinical question. We have hypothesized that radiologists would find it appealing to be able to obtain CME credit for brief, focused educational interventions. The current study lends support to that hypothesis. The survey has helped identify priorities for elements to include in the instructional design JITL modules. Graphical elements, such as radiological images and anatomic drawings, are important. Radiologists want informative feedback from a JITL system to indicate and explain the correct answers. They are less interested in working in groups or comparing their performance with that of their peers, although the latter is a requirement for Maintenance of Certification. Respondents indicated a strong preference for the ability to construct one's own curriculum to individualize the areas in which JITL would be delivered. They indicated an intermediate preference for learning content linked to organ system, body part, or imaging modality Y and the ability to bypass multiplechoice questions.
The current study has several limitations. The study sample was drawn from a limited set of training programs. The brief nature of the questionnaire necessarily limits the amount of information gathered; we believed the brevity of the survey was necessary to obtain a sufficiently large response sample. The study population was skewed intentionally to include ''younger'' radiologists, that is, those still in training and those who completed training in the past 15 years. Radiologists who received American Board of Radiology certification after 2002 or any subspecialty certification face the requirements for Maintenance of Certification; CME forms a critical part of that process. 16 Current radiology residents were more likely than practicing radiologists to use a PACS; given the trends for increasingly widespread adoption of PACS, this potential bias was considered acceptable.
Because a rich JITL system for radiologists has not yet been developed, the respondents stated preferences in the absence of direct experience with such a technology; their preferences could change or may not generalize to a larger group. Also, the fact that respondents received the e-mail solicitation and completed the web-based survey may reflect a selection bias: radiologists less familiar or less facile with information technology may have been excluded or may have chosen not to participate. These limitations of Internet-based surveys are well recognized.
17,18
Radiology education provides an excellent context in which to develop robust tools for justin-time learning because radiology practice is intimately linked to information technology. Information about patients is managed by a radiology information system (RIS), and radiological images are stored, transmitted, and displayed by means of a computer-based PACS. We posit that an interactive, individualized Internet-based system of brief, highly focused educational modules will add value to radiology practice. The development of core elements, including reusable learning objects, would foster development of Table 6 . Percentage of respondents who described each feature as ''very important'', ''important'', ''unsure'', or ''not important''. The score value ranges from 0 (completely ''not important'') to 100 (completely ''important''), and is computed as a weighted average of responses in each category. Radiologists were asked: ''Each CME module will include a few multiple-choice questions. Please rate the value of each feature'' 
